Antifungal Properties of Various Extracts of Bacillus Subtilis (Tracy Strain) Obtained in the Bacitracin Recovery Process  by Moore, Morris & Wooldridge, Wilfred E.
ANTIFUNGAL PROPERTIES OF VARIOUS EXTRACTS OF BACILLUS
SUBTILIS (TRACY STRAIN) OBTAINED IN THE
BACITRACIN RECOVERY PROCESS*
MORRIS MOORE, PH.D.f AND WILFRED E. WOOLDRIDGE, M.D4
It has been known for some time that bacteria, either spore-formers or non-spore-formers
are able to inhibit or alter the growth of a variety of bacteria and fungi. Many of the early
papers on this subject have been reviewed by Waksman in a paper published in 1941 (1).
Many other observations on antibiosis have never been published. The antibiotic activity
of these bacteria was directed towards or observed on fungi which were either plant patho-
gens or saprophytes.
In a report published in 1927, Weidman (2) remarked that he had noted several years
previously that "portions of a certain ringworm fungus colony which were adjacent to a
bacterial colony did not develop as luxuriantly as the more remote parts". The following
year, Chambers and Weidman (3) while searching for organisms with "inhibitory properties
against fungi" reported isolating bacteria from the normal toe webs of four patients.
These bacteria were identified as Bacillus subtilis. They mixed bacterial colonies with 11
separate species of fungi. When the mixtures were cultured, they found that the bacteria
completely inhibited the growth of the fungi. In their clinical work, they applied living
organisms of Bacillus subtilis to toes affected with fungi and obtained up to 50 per cent
improvement.
While the senior author was working in 1931—1932 in the mycological laboratory of
Washington University, he noted that the stock cultures of pathogenic fungi planted on
mediums made with shredded agar became overrun with a bacterium identified as Bacillus
subtilis. The fungi were completely inhibited in growth and this was attributed to the
bacterium which was later isolated in large numbers from the contaminated agar-agar.
Tests made at a later date showed that this spore-forming bacillus was more resistant to
sterilization than the usual, contaminating non-spore-forming bacteria. As to the finding
of Bacillus subtilis in cultures for fungi, we have noted that when the bacterium is present
in the skin scrapings, the growth of pathogenic fungi is invariably inhibited in the isolation
medium. Bacillus subtilis is a fairly common contaminant of lesions of the toes, fingers
and nails.
In 1942, Katznelson (4) obtained a substance from an aerobic spore-forming bacillus
which inhibited the growth of 71 out of 81 species of parasitic and saprophytic fungi, in-
cluding also some gram-positive bacteria. The toxic substance was thermostabile and
diffusible.
In 1946, Lewis, Hopper and Shultz (5) reported the chance contamination of an experi-
mental culture plate seeded with spores of Trichophyton mentagrophytes CI'. gypseum)
and with Bacillus subtilis to determine the inhibiting action of the bacterium on the fungus.
The inoculated B. subtilis had no effect on the fungus. The contaminant, however, later
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identified as a variant of B. subtilis and named var. XG and XY, produced a definite zone
of inhibition. A Seitz ifitrate of the bacterium contained the inhibitory principle which
remained potent after 11 months storage on ice.
These experiments with cultures of the living bacterium, Bacillus subtilis, and with
the crude filtrates, demonstrated an inhibitory substance which was definitely able to
arrest the growth of fungi as well as various species of gram-positive and gram-negative
bacteria. With the development of the antibiotic penicillin in crystalline form and with
the demonstration of its therapeutic possibilities, there was a sudden surge in an attempt
to uncover new antibiotics. These new therapeutic agents were evolved from numerous
fungi and bacteria and the list is growing steadily and rapidly.
One of the most fruitful organisms for the production of different antibiotics is Bacillus
subtilis. More inhibitory substances have been produced by this organism on a variety of
mediums both inorganic and organic, with or without carbohydrates, than by any other
known organism. Benedict and Langlykke (6) list five and possibly six antibiotics which
have been crystallized. At the head of the list is subtitin, first described by Jansen and
Hirschmann (7). This substance is active chiefly against gram-positive bacteria, myco-
bacteria and some pathogenic fungi (8).
A second antibiotic, bacitracin, first described by Johnson, Anker and Meleney (9) was
isolated from a strain ("Tracy 1") of Bacillus subtilis. It resembles subtilin in many ways
but differs from it in that bacitracin is formed in the shallow layers of the medium, that is
in the culture medium free of the cells and not in the submerged growth. Bacitracin is some-
what toxic but non-irritating to tissue, neutral, soluble in water and lower alcohols, rela-
tively heat stable and resists digestion with trypsin or pepsin. It is active against gram-
positive organisms, gonococcus, meningococcus and some actinomycetes.
Bacillin, a third antibiotic (anticoli factor) was reported by Foster and Woodruff (10).
Carbohydrate appears to be essential in the medium for its production. It is highly active
against gram-positive and gram-negative bacteria and is moderately toxic for mice. The
antibacterial property of this antibiotic is reduced or eliminated when blood or other com-
plex natural materials are present in the medium.
Another antibiotic, eumycin, developed by the Marburg strain of Bacillus subtilis was
reported by Johnson and Burdon (11). It is effective chiefly against Corynebacterium
diphtheriae, Mycobacterium tuberculosis and some pathogenic fungi. It is ineffective
against gram-negative bacteria and weakly effective against staphylococci. Strongly fungi-
static fractions of eumycin are hemolytic and toxic for mice.
The French workers have reported other antibiotics produced by Bacillus subtilis. These
include subtilysin (subtilyne) reported by Vallée (12) which is effective against some gram-
negative and gram-positive bacteria; endosubtilysin of Saint-Rat and Olivier (13) which
was reported as nontoxie and effective in high dilution against staphylococci; and a third
antibiotic named subtiline by Ramon and Richou (14).
An antibiotic named licheniformin by Callow and D'Arcy Hart (15) and obtained from
Bacillus licheniformis is considered to he identical with subtilin by Benedict and Langlykke
with the organism probably identical with the Ford strain of Bacillus subtilis.
In 1947, Landy, Rosenman and Warren (16) reported briefly on an antibiotic developed
by Bacillus subtilis which had negligible antibacterial activity but was strongly effective
against pathogenic fungi. The antibiotic was produced in shallow layers inS to 6 days, was
heat stable, not inactivated in a hydrogen ion range of 2.5 to 9.0, non-dialyzable through
cellophane membranes and was not inactivated by body fluids. In a later publication in
1948, Landy, Warren, Rosenman and Colio (17) named the antibiotic bacillomycin because
of its high antifungal and low antibacterial activity.
In 1948, also, Hirschhorn, Bucca and Thayer (18) reported an additional antibiotic from
Bacillus subtilis which the authors named subtenolin because of its "strong enolic proper-
ties". Highest yields of the antibiotic were obtained in a medium containing dl-alanine,
manganese and copper. Media containing carbohydrate, peptones and other complex or-
ganic enriching substances were poor producers of subtenolin. Subtenolin was active
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against staphylococci, certain gram-positive and gram-negative bacteria and partially active
against Mycobacterium tuberculosis and is toxic for mice inoculated peritoneally, the
LD,0 being 30 to 60 mgm. (30,000 to 60,000 units). A study of the chemical properties of
subtenolin by Howell and Tauber (19) showed that subtenolin differed chemically from
streptomycin, penicillin G, gramicidin and bacitracin.
It is apparent that Bacillus subtilis in crude form—live whole cultures—and
the various antibiotics which it produces have a varying degree of antifungal
activity. In a search for an agent which would be strongly effective against
pathogenic fungi, it was felt that an attempt should be made to obtain, in pure
form, the antifungal property from Bacillus subtilis. Of the known antibiotics,
at the time the study was undertaken, bacitracin was not only made available
in sufficient quantity but the various fractions used in the study were also pre-
pared through the courtesy of the Commercial Solvents Corporation.
This paper, therefore, is devoted to a study of the antifungal properties of
Bacillus subtilis, of bacitracin, an antibiotic produced by the organism and of
the various fractions derived during and after the process involved in the ex-
traction of bacitracin.
MATERIALS AND TECHNIC
In the evaluation of the antifungal properties of Bacillus subtilis, cultures
of living bacilli as well as various extracts obtained from the organism and
from the medium in which the organism was grown were used.
The strains of Bacillus subtilis employed were the Tracy I strain which yields
the antibiotic bacitracin and a strain obtained from the Western Regional Re-
search Laboratories, culture number 370, which produces the antibiotic subtilin.
A third strain obtained from the Venereal Disease Research Laboratory at
Staten Island, New York, culture number 370, apparently was identical with
the strain from the Western Regional Research Laboratory. In experiments
with the live organisms, plates seeded with the various pathogenic fungi were
inoculated at several points in the plates to determine the inhibitory effect of
the bacillus on the fungus. Sabouraud's glucose agar or broth (Difco) was used
throughout this work.
A number of filtrates were also employed. These include a crude broth filtrate
containing live cells, the lyophilized crude broth filtrate which was cell free and
several filtrates obtained prior to and following the recovery of bacitracin.
These may be best demonstrated in the accompanying schematic fiowsheet
indicating the processes involved in the recovery of bacitracin.
The organisms used for investigation in this paper were selected because of
their common occurrence (producers of superficial dermatomycoses and of the
invasive or systemic mycoses) and because of their ability to grow well. Un-
fortunately, in most instances, the amount of material available for use was
insufficient in quantity, due to production difficulties, to warrant the use of a
large number of different species of pathogenic fungi. Because of these circum-
stances, it was felt that the proper selection of a sufficiently representative
number of species of fungi, well controlled, although small in number, would
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best evaluate the extract or fraction tested. To avoid needless repetition, the
fungi used are listed in the tables, with the results.
Whole culture experiments. In this series, plates seeded with suspensions of
various fungi were inoculated with the strains of Bacillus subtilis. All cultures
of fungi were, with the exception of Histoplasma capsulatum, nine days old.
H. capsulatum was 26 days old. The cultures of B. subtilis were three to four
days old. The inoculated plates were incubated at room temperature, approxi-
mately 25° C. and the final readings and photographs were made 17 days after
inoculation (Fig. 1).
This is a crude but significant form of experiment since it gives some clue as
to the susceptibility of the fungi to the antifungal principle which is elaborated
by the bacterium in its growth processes. To be sure, we are not dealing with
a purified agent but a complex substance made up of several impure reactors.
Consequently, it was hoped that should there be any inhibition of the fungi
with the living organisms then better results should be expected with purified
principles.
Plates observed 17 days after inoculation revealed that in most instances
Bacillus subtilis had grown rather widely due perhaps to the fact that the
medium was fresh and that there was considerable moisture on the agar sur-
face. The results, however, could be interpreted without difficulty. The yeastlike
organisms, Cryptococcus neoformans, Monilia (Candida, Syringospora) albicans
(Fig. 1, 4) and Sporotrichum schenckii were not affected by the bacterium,
showing an unrestrained growth and in some plates overgrowth of the bacterial
colonies. The dermatophytes, however, including Microsporum canis (Fig. 1, 1)
M. gypseum (M. fulvum), Trichophyton mentagrophytes (Fig. 1, 2), Achorion
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Fin. 1. 1—4 inoculated at three poiots with Bacillus subtilis and photographed 17 days
after inoculation; 5—6 inoculated at one point with B. suhtilis aod photographed 9 days
after inoculation. All grown on Sabouraud's (Difco) glucose agar. I. Microsporum canis;
2. Trichophton mentagrophytes; 3. Coccidioides immitis; 4. Monilia (Candida) albicans;
5. Nocardia asteroides; 6. N. brasiliensis.
schoenleinii and Epidermophyton fioccosum exhibited definite zones of inhibi-
tion. This inhibitory effect Could also be clearly demonstrated with some of the
fungi causing systemic mycoses. The chief systemic invaders affected were
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Coccidioides immitis (Fig. 1, 3) and the aerobic actinomycetes, Nocardia as-
teroides (Fig. 1, 5), N. madurae and N. brasiliensis (Fig. 1, 6). The Nocardias
showed the widest zones of clearing with the best zone evident in plates seeded
with N. brasiliensis. With other systemic fungi, Zymonema (Blastomyc es)
dermatitidis and Histoplasma capsulatum, there was definite evidence of retarda-
tion of the fungus growth.
The results obtained with this crude experiment indicated that better results
were to he expected with more specific fractions or extracts especially with the
dermatophytes and the Nocardias and to some extent with the systemic fungi
but not with the yeastlike organisms. The following experiments were carried
out with the various substances, extracts or filtrates as shown in the flow sheet.
Crude broth filtrate. This filtrate contained living bacterial cells and as such
was consistently producing an active principle. With the small supply of mate-
rial available, only two organisms were tested, Trichophyton mentagrophytes
and Coccidioides immitis. Serial dilutions were made as shown in Table 1. T.
TABLE 1
Crude broth filtrate
Trichophyton mentagrophytes.... —
Coccidioides immitis —
Results read 32 days after inoculation. Trichophyton mentagrophytes was inhibited
in dilutions up to 1:50 whereas Coceidioides immitis showed inhibition in dilutions up
to 1:250.
mentagrophytes showed growth in a dilution of 1:50 and C. immitis in a dilu-
tion of 1:250 after 32 days. This experiment was analogous to the use of living
organisms. The results coincided roughly with the zones of inhibition produced
in the plate cultures but here, a more accurate or quantitative determination
could be made of the activity of the antibiotic.
Lyophitized crude broth filtrate. This was a lyophilized filtrate of the crude
broth and was cell free. Serial dilutions corresponded to those with the crude
broth filtrate. The results arc shown in Table 2. Readings were made 20 days
after inoculation. T. mentagrophytes and C. immitis were inhibited in a dilution
of 1:50 and showed growth in a dilution of 1: 100. The dermatophytes, Micro-
sporum canis, M. gypseum, Epidermophyton fioccosum and Achorion schoen-
leinii were inhibited in a dilution of 1:100 but grew in a dilution of 1:250.
Monilia albicans was unaffected, growing in all dilutions. Cryptococcus neo-
formans and Sporotrichum schenckii were inhibited through a dilution of 1:20
but grew in 1:50. Zymonema dermatitidis and Histoplasma capsulatum were
similar in their response. The best inhibition was exhibited by Nocardia asteroides
showing growth in a dilution of 1:500 with no growth in 1:250.
Filtrate A. This filtrate represents the original filtered beer. Three organisms
ORGANISMS
DILUTIONS
Con-
trol
+
+
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were used in this experiment because of the small amount of material available.
As seen in Table 3, only N. asteroides was inhibited and in a concentration of
1:1,000 with growth in the next dilution 1:10,000. Both C. immitis and T.
mentagrophytes were not inhibited.
TABLE 2
Lyophilized crude broth filtrate
DILUTIONS
O1GASMS — _________________________________________
1:1 1:5 1:10 1:20 1:50 1:100 1:250 1:500 1:750 1:1,000
Microsporum canis + + + + +
Microsporum gypseum + + + + +
Trichophyton mentagrophytes.... + + + + + +
Achorion schoenleinii + + + + +
Epidermophyton floccosum + + + + +
Monilia albicans + + + + + + + + + + +
Sporotrichum schenckii — — — — + + + + + + +
Nocardia asteroides + + + +
Histoplasma capsulatum — — — — + + + + + + +
Cryptococcus neoformans — — — — + + + + + + +
Zymonema dermatitidis — — — — + + + + + + +
Coccidioides immitis + + + + + +
Results read 20 days after inoculation. Monilia albicans grew in all dilutions. Sporo-
trichum schenckii, Histoplasma capsulatum, Cryptococcus neoformans and Zymonema
dermatitidis grew in dilutions of 1:50 and greater. Trichophyton mentagrophytes and
Coccidioides iinrnitis were inhibited in dilutions up to 1:100. Microsporum canis, M. gyp-
scum, Achorion schoenleinii and Epidermophyton fioccosum were inhibited in a dilution
of 1:100 with growth in dilutions of 1:250 and higher. Nocardia asteroides showed best
results, being inhibited in dilutions up to 1:500 with growth in dilutions of 1:500 and
higher.
TABLE 3
Filtrate A
ORGANISMS
DILUTIONS
1:50 1:100 1:250 1:500 1:1,000 1:10,000 1:100,000 Control
Trichophyton mentagrophytes..
Nocardia asteroides
Coccidioides immitis
+ + + + + + + +
— — — — — + + ++ + + + + + + +
Results read 16 days after inoculation. Trichophyton mentagrophytes and Coccidioides
immitis were not inhibited in any dilution. Nocardia asteroides was inhibited in dilutions
of 1:1,000 with growth in dilutions of 1:10,000 and higher.
Filtrate B. This filtrate consists of the so-called spent beer following solvent
extraction. In addition to the organisms tested with filtrate A, the fungi Monilia
albicans, Sporotrichum schenckii and Zymonema dermatitidis were used. All
of the organisms were completely uninhibited with the exception of N. asteroides
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which showed pronounced inhibition in a dilution of 1:10,000 with growth in
the next dilution, 1:100,000 appearing after 20 days. It was apparent that the
antibiotic became completely spent sometime after the sixteenth day since there
was inhibition up until that time in 1:100,000, as seen in Table 4.
TABLE 4
Filtrate B
DILUTIONS
ORGANISMS
1:50 1:100 1:250 1:500
+
1:1,000
+
1:10,000
+
1:100,000
+
Control
+Trichophyton mentagrophytes.. + +
Monilia albicans + + + + + + + +
Sporotrichum schenckii + + + + + + + +
Nocardia asteroides — — — — —
+
Zymonema dermatitidis + + + + + + +
Coccidioides immitis + + + + + + +
Results read 16 and 20 days after inoculation. indicates no growth at 16 days but
growth at 20 days. All the organisms with the exception of Nocardia asteroides grew in
all the dilutions, some showing delayed growth. N. asteroides showed pronounced inhibi-
tion in a dilution of 1:10,000 with delayed growth (after20 days) in a dilution of 1:100,000.
TABLE 5
Filtrate C
DILUTIONS
ORGANISMS
1:50
+
1:100
+
1:250
+
1:500
+
1:1,000
+
1:10,000
+
1:100,000
+
Control
+Microsporum canis
Trichophyton mentagrophytes.. + + + + + + + +
Nocardia asteroides — — — — — — + +
Cryptococcus neoformans — — — + + + + +
Zymonema dermatitidis — — — — — + + +
Coccidioides immitis + + + + + + + +
Results read 17 days after inoculation. Microsporum canis, Trichophyton mentagro-
phytes and Coccidioides immitis were uninhibited in all dilutions. Cryptococcus neofor-
mans grew in dilutions of 1:500 and higher. Zymonema dermatitidis was inhibited in a
dilution of 1:1,000 and Nocardia asteroides in a dilution of 1:10,000.
Filtrate C. This filtrate represents the spent solvents. M. canis, T. men-
tagrophytes and C. immitis were uninhibited. C. neoformans was inhibited in
a dilution of 1:250, Z. dermatitidis in a dilution of 1:1,000 and N. asteroides
in a dilution of 1:10,000. The results as shown in Table 5 were read 17 days
after inoculation. Apparently the fungicidal principle resides in the spent sol-
vents and is not affected by the extraction process.
Filtrate D. This filtrate represents the first water extraction from the second
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solvent extraction. This filtrate was extracted from filtrate C. As seen in Table
6, T. mentagrophytes and C. immitis were not inhibited whereas N. asteroides
was inhibited in a dilution of 1:10,000 after 16 days.
TABLE 6
Filtrate D
ORGANISMS
DILUTIONS
1:50 1:100 1:250 1:500 1:1,000 1:10,000 1:100,000 Control
+ + + + + + + +
— — — — — — + ++ + + + + + + +
Trichophytonmentagrophytes..
Nocardia asteroides
Coccidioides immitis
Results read 16 days after inoculation. Trichophyton mentagrophytes and Coccidioides
immitis were not inhibited whereas Nocardia asteroides was inhibited through a dilution
of 1:10,000.
TABLE 7
Filtrate E
DILUTIONS
ORGANISMS — ______________________________ ________
1:20 1:40 1:80 1:200 1:1,000 1:10,000 1:100,000 Control
Microsporum canis — + + + + + +
Microsporum gypseum + + + + + + + +Trichophyton mentagrophytes. + + + + + + + +
Achorion schoenleinii — — + + + + +
Epidermophyton floccosum — — — + + + + +
Monilia albicans + + + + + + + +
Sporotrichum schenckii + + + + + + + +
Nocardia asteroides — — — — — +
Nocardiamadurae — — — — — — +
Nocardia brasiliensis — — — — — — — +
Histoplasma capsulatum — — — + + + + +
Cryptococcus neoformans + + + + + + + +
Zymonema dermatitidis — — — + + + +
Coccidioides immitis — + + + + + +
Results read 16 and 20 days after inoculation. F indicates no growth at 16 days but
growth at 20 days. Microsporum gypseum, Trichophyton mentagrophytes, Monilia albi-
cans, Sporotrichum schenckii and Cryptococcus neoformans were not inhibited. Micro.
sporum canis and Coccidioides iminitis grew, after 20 days, in a dilution of 1:40. Achorion
schoenleinii grew, after 20 days, in a dilution of 1:80. Epidermophyton floccosum and Histo-
plasma capsulatum grew, after 16 days, in a dilution of 1:200 whereas Zymonema derma-
titidis grew in the same dilution after 20 days. Nocardia asteroides and N. madurae grew,
after 20 days, in a dilution of 1:100,000 but N. braciliensis was not inhibited in 1:100,000.
Filtrate E. This filtrate is composed of the water extract of the spent solvents
(filtrate C) from the bacitracin recovery process. Twelve organisms were used
in this experiment as listed in Table 7. The results were read 16 and 20 days
following inoculation. M. gypseum, T. mentagrophytes, M. albicans, S. schenckii
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and C. neoformans were not inhibited. M. canis and C. immitis were inhibited
in a dilution of 1:40 after 16 days with growth apparent in this dilution after
20 days. A. schoenleinii was inhibited in a dilution of 1:80 after 16 days with
growth evident in this dilution after 20 days. E. fioccosum, H. capsulatum and
Z. dermatitidis were inhibited in a dilution of 1:80 with growth in the next
dilution 1: 200. With Z. dermatitidis growth occurred in this dilution after 20
days. The actinomycetes, N. asteroides, N. madurae and N. brasiliensis showed
inhibition in dilutions up to and including 1:100,000. N. asteroides and N.
madurae, however, showed slight growth in this dilution after 20 days.
TABLE 8
Filtrate F
DILUTZONS
O2OANXSMS §
8 8 . . . C
Trichophyton mentagro-
phytes + + + + + + + + + + + + + +
Moniliaalbicans + + + + + + + + + + + + + +Sporotrichum schenckii. + + + + + + + + + + + + + +
Nocardia asteroides. . .. + + + + + + +
Nocardia madurae + + + + + + +
Nocardia brasiliensis.... + +Zymonema dermatitidis. + + + + + + + + + + + + + +Coccidioides immitis.... + + + + + + + + + + + + + +
C Control.
Results read 14 days after inoculation. Trichophyton mentagrophytes, Monilia albi-
cans, Sporotrichum schenckii, Zymonema dermatitidis and Coccidioides immitis were not
inhibited in any dilution. Nocardia asteroides and N. Madurae showed inhibition in a dilu-
tion of 1:10,000 with growth in 1:50,000. N. brasiliensis showedinhibition inl:750,000 with
growth in a dilution of 1:1,000,000.
Filtrate F. This filtrate is bacitracin. Eight organisms were employed as seen
in Table 8. The species specificity of this extract was well demonstrated by the
fact that T. mentagrophytes, M. albicans, S. schenckii, Z. dermatitidis and
C. inunitis were unaffected whereas N. asteroides and N. madurae were in-
hibited by a dilution of 1:10,000 with growth in a dilution of 1: 50,000. N.
brasiliensis was inhibited in a dilution of 1:750,000 with growth occurring in
a dilution of 1:1,000,000. Readings were made after 14 days.
Filtrate G. This filtrate represents the solvents following the second extrac-
tion. Five organisms were utilized as listed in Table 9. Again, T. mentagrophytes
and C. immitis were uninhibited. N. asteroides and N. madurae were inhibited
in dilutions of 1:10,000 with growth in a dilution of 1:25,000. N. brasiliensis
again showed the best inhibition with no growth in a dilution of 1:250,000 and
growth in a dilution of 1:500,000. The results were read 14 and 17 days after
inoculation.
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Filtrate H. This filtrate represents the material following the second extrac-
tion as found in the water layer. The same organisms were used here as with
filtrate G. Final readings were made 17 days following inoculation. T. men-
TABLE 9
Filtrate G
ORGANISMS
DILUTIONS
r § §g
§ §§
.
Trichophyton mentagro-
phytes + + + + + + + + + + + + +
Nocardia asteroides + + + + + +
Nocardia madurae + + + + + +
Nocardia brasiliensis + +
Coccidioides immitis + + + + + + + + + + + + +
Results read 14 days after inoculation. Trichophyton mentagrophytes and Coccidioides
immitis were uninhibited. Nocardia asteroides and N. xnadurae were inhibited in dilutions
of 1:10,000 with growth in a dilution of 1:25,000. N. brasiliensis grew in a dilution of 1:500,-
000 with inhibition in 1:250,000.
TABLE 10
Filtrate H
DILUTIONS
0
ORGAOSMS
9 9 9
o8
-
9
',c
.
9
-
9
-9
a
9
9e 9
, 9
'
X
-
Trichophyton menta-
grophytes - - - + + + + + + + + + + + +
Nocardia asteroides.... + + + + + + + +
Nocardia madurae + + + + + + + +
Nocardia brasiliensis... + +
Coccidioides immitis... — — — + + + + + + + + + + + +
1:10 1:1,000,000.
1:1.5 X 10 = 1:1,500,000.
C Control.
Results read 17 days after inoculation. Trichophyton mentagrophytes and Coccidioides
immitis showed inhibition in a dilution of 1:250 with growth in 1:500. Nocardia asteroides
and N. madurae were inhibited in a dilution of 1:10,000 with growth in 1:25,000. N. brasi-
liensis was inhibited in a dilution of 1:1,000,000 with growth in 1:1,500,000.
tagrophytes and C. immitis were inhibited in a dilution of 1:250 with growth
occurring in a dilution of 1: 500. N. asteroides and N. madurae were inhibited
in a dilution of 1:10,000 with growth occurring in a dilution of 1:25,000. N.
brasiliensis showed inhibition in a dilution of 1:4,000,000 for 11 days but showed
inhibition only through a 1:1,000,000 dilution after 14 days where it remained
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after 17 days. There is a definite specificity for N. brasiliensis with this filtrate.
The results are shown in Table 10.
Additional experiments. In addition to testing the various filtrates, an experi-
ment was set up to include bacitracin in the medium in various concentrations
with the addition of 50 per cent human serum. The single organism N. asteroides
was used. Readings made 14 days after inoculation showed inhibition in a dilu-
tion of 1:10,000 with growth in the next dilution (1: 25,000). Apparently, the
serum did not exert any influence on the inhibition or growth of the fungus.
TABLE 11
Bacitracin renewal experiment
OROANI5ISS
DILUTIONS Nocardia asteroides Nocardia madurae Nocardia brasiliensis
15 days 15 days 15 days
1:10,000 — — —
1:25,000 — — —
1:50,000 — — —
1:75,000 — — —
1:100,000 — — —
1:200,000 + — —
1:500,000 + — —
1:750,000 + — —
1:1,000,000 + — —
1:1,500,000 + + —
1:2,000,000 + + —
1:2,500,000 + + —
1:3,000,000 + + +
1:4,000,000 + + +
1:5,000,000 + + +
Control + + +
25 per cent of original concentration of bacitracin added on fifth and tenth day follow-
ing inoculation. Results read 15 days following inoculation. Nocardia asteroides showed
inhibition in a dilution of 1:100,000. N. madurae was inhibited in a dilution of 1:1,000,000
with growth in 1:1,500,000. N. brasiliensis was inhibited in a dilution of 1:2,500,000 with
growth in 1:3,000,000.
A second additional experiment consisted of renewing the bacitracin in the
medium on the fifth and tenth day following inoculation. The bacitracin was
originally added to the medium in varying concentrations. On the fifth and tenth
day respectively, 25 per cent of the original concentration was added on the
basis that bacitracin loses that much of its potency on standing in an aqueous
solution. Readings were made on the fifteenth day following inoculation. The
three Nocardias were employed. N. asteroides was inhibited in a dilution of
1:100,000 with growth in a dilution of 1:200,000. N. madurae was inhibited in
a dilution of 1:1,000,000 with growth in a dilution of 1:1,500,000. N. brasiliensis
was inhibited in a dilution of 1:2,500,000 with growth occurring in a dilution
of 1:3,000,000. The results when compared with those of the other experiments,
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including the various filtrates of the bacitracin recovery process and with baci-
tracin itself, support the contention that bacitracin is weakened in an aqueous
solution and that renewal of the antibiotic is essential for it to exert its optimum
antibiotic activity.
DISCUSSION
It is apparent from the literature that various strains of Bacillus subtilis ex-
tracted by different methods, may give rise to antibiotics with a varied anti-
fungal spectrum. A review of the several reported antibiotics with such capabili-
ties clearly demonstrates this.
Katznelson (4) used chiefly plant pathogens and a few aerobic actinomycetes.
He found that Nocardia asteroides grew poorly in a concentration of 60 per
cent by volume and not at all in a concentration of 80 per cent by volume.
Salle and Jann (8) worked with subtilin and found several Nocardias, in-
cluding N. asteroides, to be inhibited by a concentration of 1: 1,000 whereas
nonsusceptible organisms included Monilia albicans, Cryptococcus neoformans,
Sporotrichum schenckii and Trichophyton mentagrophytes.
Lewis, Hopper and Shultz (5) incorporated culture filtrates in medium and
were able to inhibit T. mentagrophytes in a dilution of 1:100. Microsporum
gypseum was inhibited in a dilution of 1:20, Monilia alibicans in a dilution of
1:10 and Sporotrichum schenckii in a dilution of 1:20.
Johnson and Burdon (11) found that eumycin in a concentration of 0.1 to
0.3 mgm. (dry weight) per ml. of medium prevented entirely or definitely in-
hibited the growth of Trichophyton mentagrophytes, Microsporum gypseum,
Epidermophyton fioccosum and related species of fungi, including Nocardia.
The effect of eumycin was slightly less on Sporotrichum schenckii and Hormoden-
drum and it had no effect on Monilia albicans or Cryptococcus neoformans.
The best antifungal spectrum with a Bacillus subtilis antibiotic was that
obtained by Landy, Warren, Rosenman and Colio who employed bacillomycin.
The dermatophytes including Microsporum audouini, M. gypseum, Trichophy-
ton mentagrophytes, T. rubrum, Epidermophyton fioccosum and Achorion
schoenleinii were inhibited in a dilution of 0.025 mgm. bacillomycin per ml. of
medium or a dilution of 1:75,000. Of the more invasive fungi, Coccidioides
immitis, Histoplasma capsulatum, Monosporium apiospermum and Paracoc-
cidioides braziliensis were also inhibited in the same concentration (0.025 mgm.
bacillomycin per ml. medium). The mycelial form of Zymonema dermatitidis
was inhibited in a concentration of 0.010 mgm. bacillomycin per ml. medium
or 1:100,000 dilution, whereas the yeast form of the fungus was more resistant
being inhibited in a dilution of 0.0025 mgm. bacillomycin per ml. medium or a
dilution of 1:750,000. Monilia albicans, Cryptococcus neoformans and Sporo-
trichum schenckii were inhibited in a dilution of 0.05 mgm. bacillomycin per
ml. medium or a dilution of 1:50,000. On the other hand, Phialophora verrucosa,
P. pedrosoi and Nocardia asteroides were not inhibited in a dilution as low as
0.5 mgm. bacillomycin per ml. medium or a dilution of 1:5,000.
In sharp contrast to bacillomycin which had no effect on Nocardia, bacitracin,
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the antibiotic obtained from the Tracy strain of Bacillus subtilis shows a strongly
inhibitory action on Nocardia asteroides, N. madurae and N. brasiliensis (Table
8). The former two are inhibited in a dilution of 1:10,000 while the latter is
prevented from growing in a dilution of 1: 750,000. The fungi T. mentagrophytes,
M. albicans, S. schenckii, Z. dermatitidis and C. immitis, again in sharp con-
trast are not inhibited by bacitracin in a dilution as low as 1:50.
It is apparent that the antifungal property of this strain of Bacillus subtilis
is lost or destroyed with some of the filtrates and altered with others as com-
pared with the antifungal activity elicited when the crude filtrates with or
without living organism are used. In filtrates A, B, C, D, F (bacitracin) and G,
the antibiotic activity is limited to the Nocardias with only Z. dermatitidis
being inhibited in a dilution of 1:1,000 by filtrate C whereas in filtrates E and
H there is some activity against other pathogenic fungi, with the best results
being obtained with filtrate H. T. mentagrophytes and C. immitis are inhibited
in a dilution of 1:250 by filtrate H.
The inhibition of the aerobic Actinomycetes (Nocardias) varies with the
different filtrates. N. asteroides is inhibited by filtrate A in a dilution of 1: 1,000
and in a dilution of 1:10,000 by filtrates B, C, D, E, F, G and H. N. madurae
likewise is inhibited in a dilution of 1:10,000 by filtrates E, F, G and H. N.
brasiliensis on the other hand appears to be most susceptible to the various
filtrates being inhibited in a dilution of 1:100,000 by filtrate E, 1: 750,000 by
filtrate F, 1:250,000 by filtrate G and 1: 1,000,000 by filtrate H. In comparing
the three Nocardias it would appear that N. braziliensis is a very unstable
organism as contrasted with the stable inhibitory responses of N. asteroides and
N. madurae to the various filtrates.
In the presence of human serum (50 per cent in Sabouraud's broth), N.
asteroides was inhibited in a dilution of 1:10,000 bacitracin. The serum ap-
parently had no effect on the bacitracin.
The best results obviously were obtained with the bacitracin renewal experi-
ment. Twenty-five per cent of the original concentration of bacitracin was
added on the fifth and tenth day following inoculation. The results read on the
fifteenth day following inoculation showed that N. asteroides was inhibited in
a dilution of 1:100,000, ten times the inhibition found in the various filtrates.
N. madurae was inhibited in a dilution of 1:1,000,000, one hundred times the
inhibition found in the filtrates. N. brasiliensis was inhibited in a dilution of
1:2,500,000 which is considerably greater than that obtained with the filtrates.
It may be concluded from the evidence in the literature and from the results
obtained here that in the field of medical mycology, the antibiotics derived
from Bacillus subtilis are chiefly effective against the aerobic Actinomycetes.
Two antibiotics, however, that obtained from the Marburg strain and named
eumycin and that named bacillomycin, show activity against other fungi. In
sharp contrast, bacillomycin is strongly active against many of the pathogenic
fungi but is relatively inactive against the Nocardias. Bacitracin is strongly
active against the Nocardias but relatively inactive against other pathogenic
fungi.
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Evidence is accumulating, as a result of the examination of material from
numerous pulmonary cases suspected of being tuberculosis, that mycoses due
to Nocardia asteroides are more frequent than is commonly suspected. In the
past few months, five cases with lung disease and one with endocarditis, all
caused by N. asteroides as proven by cultures, have been so diagnosed by the
senior author. In such cases the use of bacitracin could have been of great value.
Unfortunately, bacitracin is not yet available commercially for injection
purposes. The antibiotic, however, has been tested experimentally in humans
and it has been found that intramuscular injections of bacitracin may be given
in doses of 10,000 units or larger every four to six hours. There may be a local
reaction at the site of injection which can be lessened by combining procaine or
novocaine with the injected antibiotic. Patients who have received newer prepara-
tions of bacitracin by injection over a long period of time have exhibited minimal
toxic symptoms. These patients had to be watched particularly for albuminuria.
Some patients with bacterial infections resistant to penicillin and streptomycin
have tolerated large amounts of bacitracin by injection with beneficial results.
Work is progressing at the present time on the preparation of a purer and less
toxic supply of bacitracin.
SUM?VIABY
In an attempt to find an antibiotic active against pathogenic fungi, various
filtrates of the Bacillus subtilis (Tracy strain) were employed. These consisted
of whole cultures (living cells), crude broth filtrates (live cells), lyophilized crude
broth filtrate (cell free) and the several filtrates obtained in the bacitracin
recovery process.
The crude filtrates, including the whole culture, exerted an inhibitory action
on the fungi used. This was not apparent in dilutions greater than 1:250 with
the crude filtrates, either with or without living cells. Some of the fungi were
inhibited in dilutions no greater than 1:20, others in dilutions no greater than
1:50 or 1:100.
Various filtrates developed in the bacitracin recovery process were employed
in order to determine whether such filtrates might possibly contain antifungal
properties. These consisted of eight filtrates labelled in the order in which they
were formed in the recovery process. Filtrates A and B exerted an action only
on Nocardia asteroides in dilutions of 1: 1,000 and 1: 10,000 respectively. Filtrate
o had antifungal properties for Cryptococcus neoformans (1:250), Zymonema
dermatitidis (1:1,000) and Nocardia asteroides (1:10,000). Filtrate D also
affected Nocardia asteroides (1:10,000 dilution). Filtrate E had mild antibiotic
activity for Microsporum canis (1:20), Achorion schoenleinii (1:40), Epider-
mophyton fioccosum (1:80), Histoplasma capsulatum (1:80), Zymonema der-
matitidis (1:80) and Coccidioides imxnitis (1:20). Antibiotic activity was mani-
fest with the Nocardias: N. asteroides (1:10,000; N. madurae (1: 10,000); and
N. brasiliensis (1:100,000). Filtrate F showed antibiotic activity only with the
Nocardias: N. asteroides (1:10,000); N. madurae (1:10,000); and N. brasiliensis
(1:750,000). Filtrate G likewise showed activity only against the Nocardias:
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N. asteroides (1: 10,000); N. madurae (1: 10,000); N. brasiliensis (1: 250,000).
Filtrate H showed mild activity against Trichophyton mentagrophytes (1:250),
Coccidioides immitis (1:250) but strong activity against the Nocardias: N.
asteroides (1:10,000); N. madurae (1:10,000); and N. brasiliensis (1: 1,000,000).
With all the filtrates the activity against N. asteroides and N. madurae remained
constant (1:10,000) whereas against N. brasiliensis the activity ranged from
1:100,000 through 1: 1,000,000.
The addition of 50 per cent human serum to the test medium did not alter
the activity of bacitracin against N. asteroides.
The best results were obtained by the renewal of the bacitracin in the amount
of 25 per cent of the original concentration added to the medium on the fifth
and tenth day following inoculation. After 15 days, N. asteroides was inhibited
in a dilution of 1:100,000, N. madurae in a dilution of 1:1,000,000 and N.
brasiliensis in a dilution of 1: 2,500,000.
Bacitracin and the various filtrates produced in the recovery process, there-
fore, are mildly active to inactive against most pathogenic fungi and strongly
active against the Nocardias.
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